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Although the findings in this article do not result from 
a classical prospective randomized large scale trial, which 
most probably never will be done due to its complexity and 
costs, the large number of patients analyzed allows for a 
quite robust conclusion: For fluid replacement and resus-
citation use of solutions with a low SID as NaCl 0.9% and 
D5W should be abandoned. One century after the develop-
ment of a balanced solution with a SID close to plasma, it is 
really time to change.
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TABLE 1. Electrolytes and Osmolarity of Blood Plasma, NaCl 0.9%, and Lactated Ringer
Composition, Properties Plasma NaCl 0.9% Lactated Ringer

Na+ (mmol/L) 140 154 131

Cl– (mmol/L) 100 154 112

K+ (mmol/L) 4.2 — 5.4

Ca++ (mmol/L) 1.2 — 1.8

Mg++ (mmol/L) 0.9 — 0.5

HCO3
– (mmol/L) 25 — 28

Osmolarity (mOsm/kg) 290 308 280

Strong ion difference (mEq/L) 24 0 28

Moving Beyond Single-Parameter Early Warning 
Scores for Rapid Response System Activation*

Early warning systems provide an assessment of a patient’s 
likelihood of developing critical illness and thus requir-
ing additional critical care resources. The groundwork 

for these systems was laid millennia ago, with the Hippocratic 
“Book of Prognostics.” The statement attributed to Hip-
pocrates that “it is bad if he has dyspnoea, and urine that is thin 
and acrid, and if sweats come out about the neck and head” 
includes clinical variables (respiratory rate and urine output) 
still used in early warning systems today (1). These systems 
now form the foundation for activating Rapid Response and 
Medical Emergency Teams.

Traditionally, early warning systems have come in two 
primary configurations: single-parameter criteria and 
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aggregated weighted scores (2). The former originated in 
Australia over 2 decades ago as a set of equally weighted 
abnormal physiologic thresholds (e.g., respiratory rate > 36), 
the presence of any of which would trigger the system (3). 
In contrast, aggregated weighted scoring systems, such as the 
Modified Early Warning Score (MEWS), which arose in the 
United Kingdom around the same time, involve summing 
up points from multiple parameters based on the degree of 
derangement (e.g., two points for a respiratory rate of 21–29 
and three points for ≥ 30) (4, 5).

In this issue of Critical Care Medicine, Smith et al (6) pro-
vide important evidence regarding the comparative accuracy 
of the National Early Warning Score (NEWS), an aggregated 
weighted score similar to the MEWS, which was developed by 
the Royal College of Physicians as a uniform method of iden-
tifying clinical deterioration in patients across the National 
Health Service (NHS) in the United Kingdom (6). Using data 
from an NHS District General Hospital, the authors compared 
NEWS to 44 distinct single-parameter tools and found it to 
be superior for predicting death, cardiac arrest, and/or unan-
ticipated ICU transfer. This study is limited by the fact that 
this is a single center study using a population arising from 
the same hospital in which the VitalPAC Early Warning Score 
(ViEWS), its immediate precursor, was originally derived (7). 
However, these concerns are largely mitigated by the fact that 
there is no overlap between the ViEWS derivation cohort and 
the current study population, and that the findings are consis-
tent with independent studies demonstrating the superiority 
of aggregated weighted scoring systems over single-parameter 
criteria (2, 8).

From a statistical modeling perspective, the finding that 
an aggregate weighted scoring system is more accurate than 
single-parameter criteria is not surprising. Single-parameter 
tools are generally based on single cut-points of continuous 
variables, which result in the loss of valuable information. For 
example, respiratory rates of 18 and 30 count similarly if they 
are both below the activation threshold. Furthermore, these 
criteria will miss subtle abnormalities in multiple vital signs, 
which have been shown to be more important for predicting 
outcomes than more dramatic elevations in a single vital sign 
(9). Aggregate weighted scores, which include several grada-
tions of derangement and allow high scores to occur from both 
individual and combinations of vital sign abnormalities, do not 
suffer from these limitations. The NEWS has the added benefit 
of being informed by the dataset used to derive the ViEWS, 
rather than having been developed solely on the basis of expert 
opinion, upon which the vast majority of single parameter 
and many commonly used aggregated weighted scores were, 
including the MEWS. This is evident in the heavier weighting 
of subtler respiratory rate derangements, for example, which 
has been shown to be the vital sign with the strongest correla-
tion to clinical deterioration (10, 11). In fact, the use of patient 
data in its development is the likely rationale for the superior-
ity of NEWS to MEWS in prior head-on comparisons.

However, the improvements in accuracy need not stop 
there. Additional variables like laboratory data can be added 

and the full range of values can be utilized with logistic regres-
sion models and other similar models (12, 13). The use of vital 
sign trends can also increase accuracy, although accounting for 
these is more complicated than initially thought (14). Further-
more, the advent of machine learning tools, such as random 
forests, enable even more accurate models for predicting clini-
cal deterioration (11).

If one believes that accuracy matters, and any hospital that 
has ever struggled with false alarms or missed opportunities 
would be hard pressed to argue that it does not, each hospi-
tal system owes it to its providers and patients to implement 
the most accurate activation tool it can. For those hospitals 
still using paper charts, that should be one of the aggregated 
weighted scores, of which the NEWS appears to be one of the 
stronger contenders. However, for those hospitals that have 
transitioned to the computer age, it is time to start thinking 
beyond paper-based screening tools and make our expensive 
computers and electronic health records (EHRs) do the work 
they were designed to do. Retrofitting them with less accurate 
paper-based tools makes little sense.

Although results like the paper by Smith et al (6) suggest 
that this could and should be the beginning of the end for 
single-parameter tools, it is becoming clear that sometime in 
the future we will be saying the same thing about simple aggre-
gated weighted scores, like the NEWS, at least in their current 
form. EHRs are already ubiquitous in the United States, and 
are becoming more common in Europe, Australia, and other 
parts of the world as well. The EHR can harness the promise of 
“big data,” with countless variables and high power computing 
to automatically calculate complex and accurate algorithms in 
real-time. The future will belong to comprehensive and com-
plex scores that are more accurate than NEWS, examples of 
which are already up and running in several hospitals today 
(13, 15). For hospitals that have already fully transitioned to 
using EHRs, it is time to make this future a reality. At a mini-
mum, it is time to retire the single-parameter activation crite-
ria once and for all.
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In this issue of Critical Care Medicine, Lindner et al (1) 
breathe new life into the much maligned systemic inflam-
matory response syndrome (SIRS) criteria. Using a sophis-

ticated and elegant research design, these authors leverage an 
automated algorithm embedded in an electronic patient data 
management system (PDMS) to capture a dynamic minute to 
minute look at changes in meeting from 0-4 of the SIRS crite-
ria and correlate this with sepsis prediction and diagnosis in a 
polytrauma cohort. Sepsis diagnosis and onset was defined as 
time of order to initiate antimicrobials. SIRS prevalence and 
how that changes over time was monitored using three algo-
rithm-derived SIRS “descriptors” (see below). The use of these 
dynamic SIRS descriptors is shown to improve specificity of 
sepsis prediction and diagnosis.

The concept of leveraging an electronic PDMS in attempts 
to assist in the diagnosis of sepsis and infection is promising 
(2, 3). Success in this area will require refinement of integra-
tive and predictive systems in order to define the time variance 
among variables of interest. The dynamic approach taken by 
Lindner et al (1) is the progress in that direction. Systems such 
as this may not only improve patient care but could also allow 
for more valid interfacility comparisons. Real-time electronic 

surveillance tools leveraging electronic medical records have 
shown improved diagnostic capability for sepsis and typically 
have included the SIRS criteria as part of the alert (4–6). The 
SIRS criteria, despite the poor specificity for diagnosis of sep-
sis, have been shown to correlate with outcome prediction (7). 
Large European databases have shown prognostic importance 
of the SIRS criteria in predicting severity of infection, organ 
failure, and outcome (8). The SIRS criteria have also been dem-
onstrated to independently predict infection in blunt trauma 
patients when present at the time of admission (9).

Recognizing the problems with the conventional use of 
SIRS criteria for diagnosing infection (high sensitivity but lack 
of specificity), Lindner et al (1) tapped the PDMS to build a 
“dynamic” outcome probability estimation using the SIRS cri-
teria. The traditional spot check static use of the SIRS criteria 
was replaced with a computerized algorithm for monitoring 
the number of SIRS criteria met using intuitive temporal sum-
mary measures called “SIRS descriptors.” This type of system 
has the capability to use the PDMS to continuously monitor 
changes in meeting SIRS criteria over an entire 1,440 minutes 
of a 24-hour block of time. The three SIRS descriptors used 
included 1) the average number of SIRS criteria over a time 
period of interest (0–4), 2) the first to last minute difference 
in the integration of the number of SIRS criteria (–4 to +4), 
and 3) the frequency of change in SIRS criteria for all 1,439 
minute-to-minute transitions (fluctuation range, 0–1,439). Of 
note, circulatory support by catecholamines was given equal 
weight as tachycardia for meeting SIRS criteria. Likewise, respi-
ratory support was allowed to fulfill the tachypnea/hyperven-
tilation SIRS criteria. 

Over the first 24 hours of admission, there was a minute-
by-minute increase in the mean number of SIRS criteria across 
the population as a whole. For sepsis prediction, sepsis cases 
diagnosed at any point in time were compared with controls 
who had remained sepsis free throughout the ICU stay. Of the 
256 polytrauma patients, 86 (33.2%) developed sepsis in the 
ICU with a median time to diagnosis of 7 days.

This innovative study design analyzed SIRS criteria min-
ute to minute using SIRS descriptors, producing a shift from a 
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Objective: To compare the ability of medical emergency team 
criteria and the National Early Warning Score to discriminate 
cardiac arrest, unanticipated ICU admission and death within  
24 hours of a vital signs measurement, and to quantify the associ-
ated workload.
Design: Retrospective cohort study.
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Setting: A large U.K. National Health Service District General 
Hospital.
Patients: Adults hospitalized from May 25, 2011, to December 
31, 2013.
Interventions: None.
Measurements and Main Results: We applied the National Early 
Warning Score and 44 sets of medical emergency team criteria 
to a database of 2,245,778 vital signs sets (103,998 admis-
sions). The National Early Warning Score’s performance was 
assessed using the area under the receiver-operating character-
istic curve and compared with sensitivity/specificity for different 
medical emergency team criteria. Area under the receiver-oper-
ating characteristic curve (95% CI) for the National Early Warn-
ing Score for the combined outcome (i.e., death, cardiac arrest, 
or unanticipated ICU admission) was 0.88 (0.88–0.88). A 
National Early Warning Score value of 7 had sensitivity/speci-
ficity values of 44.5% and 97.4%, respectively. For the 44 sets 
of medical emergency team criteria studied, sensitivity ranged 
from 19.6% to 71.2% and specificity from 71.5% to 98.5%. For 
all outcomes, the position of the National Early Warning Score 
receiver-operating characteristic curve was above and to the left 
of all medical emergency team criteria points, indicating better 
discrimination. Similarly, the positions of all medical emergency 
team criteria points were above and to the left of the National 
Early Warning Score efficiency curve, indicating higher work-
loads (trigger rates).
Conclusions: When medical emergency team systems are com-
pared to a National Early Warning Score value of greater than or 
equal to 7, some medical emergency team systems have a higher 
sensitivity than National Early Warning Score values of greater 
than or equal to 7. However, all of these medical emergency team 
systems have a lower specificity and would generate greater 
workloads. (Crit Care Med 2016; 44:2171–2181)
Key Words: hospital rapid response team; monitoring, physiologic; 
quality improvement; vital signs, medical emergency team

Staff failures in recognizing and responding to patient 
deterioration have led hospitals to use Early Warning 
Scoring Systems (EWSS) (1) or medical emergency team 

(MET) calling criteria (2) to improve vital signs monitoring 
and facilitate the calling of expert help to a patient’s bedside.

EWSS allocate points in a weighted manner, based on the 
derangement of a patient’s measured vital signs from arbi-
trarily agreed “normal” ranges—the sum of these is termed the 
Early Warning Score (EWS). The EWS is used to direct subse-
quent care, for example, changes to vital signs monitoring fre-
quency; involvement of more experienced ward staff; or calling 
a rapid response team (RRT). Many EWSS are in use, with 
marked variation in measured physiologic variables, assigned 
weightings, and outcome discrimination (3–8). In 2012, the 
Royal College of Physicians of London (RCPL) recommended 
the use of a standardized EWSS in the National Health Service 
(NHS)—the National EWS (NEWS) (Supplementary Digital 
Content 1, http://links.lww.com/CCM/B981) (9). To produce 

NEWS, the RCPL used clinical opinion to make minor adjust-
ments to the VitalPAC EWS (ViEWS) (5). The RCPL recom-
mends that NEWS values of greater than or equal to 7 should 
prompt assessment by an RRT (9). NEWS demonstrates better 
ability than other published EWSS to discriminate patients at 
risk of a range of clinical outcomes (6) and has been validated 
outside its development site (10–13).

Some hospitals, especially in the United States and Australia, 
use MET calling criteria in preference to EWSS. Most MET 
criteria are based on extreme values of specific objective phys-
iologic variables (e.g., pulse rate, < 40 or > 120 beats/min) 
(2) (Supplementary Digital Content 2, http://links.lww.com/
CCM/B982). When one or more objective MET criteria occur, 
or staff are “worried” about a patient, a MET or other RRT 
is called to provide expert assistance (14). As with EWSS, a 
wide range of MET criteria is in use, with varied abilities to 
discriminate patients at risk of adverse events (3, 15–17).

Ideally, hospitals should use an RRT triggering system that 
provides the highest discrimination of patient outcome and 
the lowest trigger rate, thereby minimizing both the risk of 
missing serious outcomes and of excessive staff workload. 
A recent study comparing the performances of NEWS and 
one set of MET criteria suggests that NEWS is a better (and  
earlier) detector of patient deterioration (13). Therefore, we 
used a large database of vital sign measurements to a) com-
pare the abilities of NEWS and 44 different MET criteria to 
discriminate patients at risk of four outcomes (i.e., cardiac 
arrest, unanticipated [i.e., emergency] ICU admission, death, 
or a combined outcome of any of these three) within 24 hours 
of a vital signs dataset and b) measure the associated trigger 
rates.

MATERIALS AND METHODS
The study was covered by local research ethics commit-
tee approval ref 08/02/1394, granted by the Isle of Wight, 
Portsmouth, and South East Hampshire Research Ethics 
Committee.

Setting and Study Population
Portsmouth Hospitals NHS Trust is a single site NHS District 
General Hospital with ~ 1,000 inpatient beds and ~ 5,500 staff. 
It provides all acute services except burns, spinal injury, neu-
rosurgic, and cardiothoracic surgery to a local population of  
~ 540,000. Routinely, staff use hand-held devices and com-
mercially available software (VitalPAC; The Learning Clinic,  
London, United Kingdom) (18, 19) to record all vital signs at 
the bedside in all adult in-patient areas of the hospital, except 
high care areas such as critical care units. For this study, vital 
signs were collected during routine clinical care from adult 
patients (≥ 16 yr) admitted on or after May 25, 2011, and dis-
charged on or before December 31, 2013. Data from patients 
discharged alive from the hospital before midnight on the day 
of admission were excluded. Data were not captured from 
patients transferred directly on admission to critical care areas 
of the hospital.
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Vital Signs Database and its Development
For each vital signs measurement, the following data were 
recorded using VitalPAC software: date/time of observation set; 
pulse rate; systolic and diastolic blood pressures; breathing rate; 
temperature; neurologic status using the Alert-Verbal-Painful-
Unresponsive (AVPU) scale; peripheral oxygen saturation (SpO

2
); 

and the inspired gas (i.e., air or supplemental oxygen). Where 
oxygen was used, VitalPAC estimated its fractional inspired con-
centration (FIO

2
) using the mask type ± flow rate (or in the case 

of a Venturi mask, the concentration), which were recorded dur-
ing each vital signs collection. Vital signs sets for which data were 
absent or physiologically impossible were excluded.

Evaluation of NEWS and MET Criteria
The vital signs database was used to evaluate the performance 
of NEWS and 44 different MET criteria (identified from 
two previous publications [16, 17]; Supplementary Digital  
Content 3, http://links.lww.com/CCM/B983). As the subjective 
component of MET criteria—staff concern (14)—is also used 
to escalate care when using NEWS, we made an a priori deci-
sion to evaluate only the following physiologic components 
of the MET criteria: high/low pulse rate, high/low breathing 
rate, high/low systolic blood pressure, high/low temperature, 
SpO

2
, and reduced consciousness. For the same reason, we did 

not evaluate criteria such as threatened airway or repeated/
prolonged seizures. For MET criteria, “reduced consciousness” 
was considered to be equivalent to a score of P or U on the 
AVPU scale. Two sets of MET criteria (20, 21) require knowl-
edge of the FIO

2
 when using SpO

2
 (i.e., Ball [20] triggers when  

SpO
2
 < 90% and FIO

2
 ≥ 0.35 simultaneously; Hickey [21] when 

SpO
2
 < 90% and FIO

2
 ≥ 0.24 simultaneously). The remainder 

require only an SpO
2
 value or simply whether supplemental 

oxygen was being administered. In the majority of observation 
sets where supplemental oxygen was administered, there was 
sufficient information on mask type and oxygen concentra-
tion/flow for an estimate of FIO

2
 to be made. We removed hos-

pital episodes where FIO
2
 could not be estimated.

Outcomes
Deaths, cardiac arrests, and unanticipated ICU admission 
data were identified from the hospital’s patient administra-
tion system (PAS), cardiac arrest database, and ICU admission 
database, respectively. We limited the analysis to the first of 
any of three outcomes (death, unanticipated ICU admission, 
or cardiac arrest) within 24 hours of a given observation set, 
within any episode of care. These outcomes were combined to 
produce a fourth—the combined outcome of any death, unan-
ticipated ICU admission, or cardiac arrest within 24 hours of 
a given observation set. We excluded episodes of care where  
1) the episode had a first outcome before the first observation 
set and 2) the episode did not have an observation set within 
the last 24 hours before the outcome.

Statistical Analysis
All data manipulation was performed using Microsoft` Visual 
FoxPro 9.0 (Microsoft Corporation, Redmond, WA). We used 

IBM SPSS Statistics v22 (IBM Corp., Armonk, NY) and R 
v3.02 (22) to calculate the area under the receiver-operating 
characteristic (ROC) curve (AUROC); R was also used to gen-
erate the figures.

We used the AUROC (23) to evaluate the ability of NEWS 
to discriminate between patients experiencing/not experienc-
ing an adverse outcome at 24 hours post vital signs observa-
tion. An ROC curve plots sensitivity against 1 – specificity, and 
each point on it represents a sensitivity/specificity pairing cor-
responding to a particular decision threshold for NEWS. We 
plotted ROC curves for all four outcomes for NEWS. For each 
set of MET criteria, and for each outcome, we calculated the 
sensitivity and specificity. Any individual point represents a 
sensitivity/specificity pairing (there can only be one point per 
set of MET criteria). To compare the performance of NEWS 
and the different MET criteria, we superimposed the sensi-
tivity/specificity points for the 44 sets of MET criteria on the 
NEWS ROC, for each outcome. The closer the NEWS ROC 
curve or any individual MET sensitivity/1 – specificity point 
is to the upper left corner, the higher the discrimination of the 
test.

We also plotted an efficiency curve (5) for NEWS for each 
outcome. These plot sensitivity against trigger rate (i.e., per-
centage of observations at, or above, a given NEWS value). 
To compare the efficiency of NEWS and the MET criteria, we 
superimposed the sensitivity/trigger rate points for the 44 sets 
of MET criteria on the NEWS efficiency curves. The closer the 
NEWS efficiency curve, or any individual MET sensitivity/trig-
ger rate point, is to the lower right corner, the higher the effi-
ciency of the test (i.e., more outcomes are detected for a lower 
trigger rate).

Additional Analyses
We have previously shown that the use of multiple observation 
sets from a single episode does not bias the ranking of EWSs 
when assessing the performance of these systems (24). This 
has not previously been done for sets of MET criteria. There-
fore, we repeated the above analyses using 10,000 samples of 
observation sets, each sample being constructed by selecting 
one observation set at random from every care episode (i.e., 
so each observation set in an episode had an equal chance of 
being selected in each sample).

RESULTS
A total of 2,606,050 vital signs datasets were obtained from 
111,389 hospital episodes. All sets were complete, valid, and 
contained sufficient data to permit the calculation of a NEWS 
value. Following exclusions (Fig. 1), the final dataset consisted 
of 2,245,778 vital signs sets from 103,998 episodes. There were 
20,053 observation sets (0.89%) from 5,809 episodes where 
FIO

2
 could not be estimated. For some of these 5,809 epi-

sodes, there were other observation sets where FIO
2
 could be 

estimated, so the episode itself remained in the analysis (with 
fewer observation sets). Only 34 episodes were completely 
removed from the analysis because none of their observation 

http://links.lww.com/CCM/B983
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sets permitted FIO
2
 estimation. For the two sets of MET criteria 

requiring FIO
2
 (20, 21), these observation sets were removed 

and the analysis was performed on 2,225,725 observation sets 
from 103,964 episodes.

Table 1 shows the patient demographics, number and value 
of the vital signs measurements, and observations followed by 
an adverse outcome. The study data were collected from 66,712 
unique patients admitted to medicine (34,204), surgery (33,808), 
and other specialties (6,441). Patients may have more than one 
admission and may belong to different groups during different 
admissions—hence the sum of admissions to medicine, surgery, 
and other specialties is 74,453, and not 66,712. The 66,712 unique 
patients had 103,998 hospital episodes during the study period.

The AUROCs (95% CI) for NEWS for cardiac arrest, unan-
ticipated ICU admission, death, and the combined outcome, 
each within 24 hours, were as follows: 0.78 (0.76–0.78), 0.86 
(0.85–0.86), 0.91 (0.91–0.92), and 0.88 (0.88–0.88), respectively.

Table 2 shows that the sensitivity and specificity for the 
MET criteria varied considerably for the different outcomes. 
These findings were similar when using the 10,000 random 
sample sets (Supplementary Digital Content 4, http://links.
lww.com/CCM/B984).

Figure 2, A–D and Supplementary Digital Content 5 (http://
links.lww.com/CCM/B985; legend, Supplemental Digital 

Content 11, http://links.lww.
com/CCM/B991) show the 
sensitivity and specificity (plot-
ted as 1 – specificity) points for 
NEWS (i.e., the NEWS ROC 
curve) and the MET criteria 
for the outcomes studied. For 
all outcomes, the NEWS ROC 
curve lies above and to the 
left of the MET criteria, indi-
cating better discrimination. 
Although some MET systems 
have a higher sensitivity than 
NEWS values of greater than or 
equal to 7, all have a lower spec-
ificity. The relative positions 
of MET criteria and NEWS 
were essentially unchanged 
when using the 10,000 random 
sample sets (Supplementary 
Digital Content 6, http://links.
lww.com/CCM/B986 [legend, 
Supplemental Digital Content 
11, http://links.lww.com/CCM/
B991]; and Supplementary 
Digital Content 7, http://links.
lww.com/CCM/B987 [legend, 
Supplemental Digital Content 
11, http://links.lww.com/CCM/
B991]).

Figure 3, A–D and 
Supplementary Digital 

Content 8 (http://links.lww.com/CCM/B988 [legend, 
Supplemental Digital Content 11, http://links.lww.com/
CCM/B991] show the efficiency curve for NEWS and the 
sensitivity/trigger rate points for each set of MET criteria 
for the outcomes studied. For all four outcomes, the MET 
criteria points lie above and to the left of the NEWS effi-
ciency curve, indicating a higher workload (trigger rate) is 
required to detect a given percentage of the considered out-
come. Although some MET systems have a higher sensitivity 
than NEWS values of greater than or equal to 7, all would 
generate greater workloads (i.e., higher trigger rates). The 
relative positions of the MET criteria and NEWS were essen-
tially unchanged when using the 10,000 random sample 
sets (Supplementary Digital Content 9, http://links.lww.
com/CCM/B989 [legend, Supplemental Digital Content 
11, http://links.lww.com/CCM/B991]; and Supplementary 
Digital Content 10, http://links.lww.com/CCM/B990 [leg-
end, Supplemental Digital Content 11, http://links.lww.
com/CCM/B991).

DISCUSSION
The selection of an RRT triggering system can be based upon 
several criteria, including the balance between its sensitivity and 
the workload it generates. To minimize missed outcomes and 

Figure 1. Consort diagram, outlining exclusions. *For two medical emergency team systems only (see main text 
of article).
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excessive staff workload, hospitals should choose a system that 
provides the highest discrimination of patient outcome and the 
lowest trigger rate. Depending upon their specific criteria, all 
sets of MET calling criteria have fixed relationships between 
sensitivity and workload, and the resulting clinical response can 
only ever be of an “all or none” nature. In contrast, the multi-
nodal nature of NEWS provides the opportunity to titrate the 
RRT trigger value to available resources. When MET systems 

were compared to a NEWS value of greater than or equal to 7,  
some MET systems have a higher sensitivity than NEWS. How-
ever, all of these MET systems had a lower specificity and would 
generate greater workloads (i.e., higher trigger rates).

Our results complement those of Tirkkonen et al (13) who 
showed that high NEWS values were associated with serious 
adverse events in hospital, but MET criteria were not. NEWS was 
also independently associated with higher mortality, whereas 

TABLE 1. Patient Demographics, Number of Vital Signs Observations, Vital Sign Values, 
and Observations Followed by an Adverse Outcome for the Study Group (After 
Exclusions)

Admissions to  
Medicine

Admissions to  
Surgery

Admissions to  
Other Specialties All Admissions

Admissions

 No. of episodes, n (%) 53,466 (51.4) 42,641 (41.0) 7,891 (7.6) 103,998 (100)

 Age at admission, mean (SD) 67.5 (18.6) 57.4 (20.6) 52.6 (20.3) 62.2 (20.4)

 Male, n (%) 26,910 (50.3) 20,916 (49.1) 1,584 (20.1) 49,410 (47.5)

 First adverse event in episode, n (%)

  None 50,574 (94.6) 41,786 (98.0) 7,768 (98.4) 100,128 (96.3)

  Death 1,966 (3.7) 304 (0.7) 81 (1.0) 2,351 (2.3)

  Cardiac arrest 397 (0.7) 71 (0.2) 11 (0.1) 479 (0.5)

  Unanticipated ICU admission 529 (1.0) 480 (1.1) 31 (0.4) 1,040 (1.0)

  Any 2,892 (5.4) 855 (2.0) 123 (1.6) 3,870 (3.7)

Observations

 No. of observations, n (%) 1,264,024 (56.3) 864,590 (38.5) 117,164 (5.2) 2,245,778 (100)

 Vital signs values

  Pulse rate (beats/min), mean (SD) 80.5 (16.5) 78.3 (14.7) 79.0 (14.8) 79.6 (15.8)

  Respiration rate (beats/min), mean (SD) 17.3 (3.1) 15.9 (2.6) 16.0 (2.7) 16.7 (3.0)

  Temperature (°C), mean (SD) 36.7 (0.5) 36.8 (0.5) 36.7 (0.4) 36.7 (0.5)

  BP Systolic (mm Hg), mean (SD) 126.6 (22.2) 125.4 (20.9) 122.6 (20.7) 126.0 (21.6)

  SpO2 (%), mean (SD) 96.0 (2.5) 96.5 (2.0) 96.5 (2.1) 96.2 (2.4)

  SpO2 recorded on supplemental O2, n (%) 232,591 (18.4) 167,536 (19.4) 18,965 (16.2) 419,092 (18.7)

 Conscious level, n (%)

  Alert (A) 1,238,015 (97.9) 860,651 (99.5) 116,487 (99.4) 2,215,153 (98.6)

  Responds to Voice (V) 16,469 (1.3) 3,110 (0.4) 517 (0.4) 20,096 (0.9)

  Responds to Pain (P) 8,227 (0.7) 583 (0.1) 90 (0.1) 8,900 (0.4)

  Unresponsive (U) 1,313 (0.1) 246 (< 0.1) 70 (0.1) 1,629 (0.1)

Observations followed by outcomes  
 (first event within 24 hr), n (%)

 Death 8,686 (0.7) 1,693 (0.2) 388 (0.3) 10,767 (0.5)

 Cardiac arrest 1,756 (0.1) 402 (< 0.1) 73 (0.1) 2,231 (0.1)

 Unanticipated ICU admission 3,720 (0.3) 3,738 (0.4) 249 (0.2) 7,707 (0.3)

 Any outcome 14,162 (1.1) 5,833 (0.7) 710 (0.6) 20,705 (0.9)

SpO2 = peripheral oxygen saturation.
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TABLE 2. The Sensitivity and Specificity of 44 Medical Emergency Team Calling Criteria, 
and National Early Warning Score Values of 3–7, for Cardiac Arrest, Unanticipated ICU 
Admission, Death, and Any of These Outcomes, Each Within 24 Hours of a Vital Signs 
Dataset

Outcome Within 24 Hr of a Vital Signs Dataset

Death Cardiac Arrest
Unanticipated ICU 

Admission

Any of Death; Cardiac  
Arrest; Unanticipated  

ICU Admission

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)

Medical emergency team 
calling criteria

 Bell (standard) 49.9 95.2 21.5 95.0 38.0 95.1 42.4 95.3

 Bell (extended) 61.8 86.8 35.6 86.6 52.9 86.7 55.7 87.0

 Bell (restricted) 41.7 97.3 14.7 97.1 25.3 97.2 32.7 97.4

 Ball 47.7 93.6 23.0 93.4 45.5 93.5 44.2 93.7

 Parissopoulos 58.3 93.6 27.4 93.4 47.1 93.5 50.8 93.8

 Hickey 50.3 94.9 21.8 94.7 40.3 94.8 43.5 95.0

 Salamonson 41.0 96.1 14.7 95.9 29.3 96.0 33.8 96.2

 Buist 49.9 95.2 21.3 95.0 37.8 95.1 42.3 95.4

 Bellomo 49.9 95.2 21.5 95.0 38.0 95.1 42.4 95.3

 Jones 51.0 94.7 22.8 94.5 38.5 94.6 43.3 94.8

 Green 52.3 94.5 23.8 94.3 42.4 94.5 45.5 94.7

 Harrison (early) 77.5 71.4 54.6 71.2 67.2 71.3 71.2 71.5

 Harrison (late) 40.0 96.9 14.6 96.8 22.7 96.8 30.8 97.0

 Smith 73.0 81.5 47.1 81.3 69.9 81.4 69.0 81.7

 Lee 57.2 87.8 32.4 87.6 50.4 87.7 52.0 87.9

 Buist 47.4 94.6 20.0 94.4 37.0 94.5 40.6 94.8

 McGloin 69.7 78.7 44.7 78.5 59.4 78.6 63.2 78.9

 de Pennington 46.4 95.1 19.4 94.9 40.4 95.0 41.3 95.2

 McArthur-Rouse 42.7 95.3 17.2 95.2 36.1 95.3 37.5 95.5

 Foraida 34.9 97.7 10.0 97.5 21.0 97.6 27.1 97.7

 Cioffi 41.1 95.9 14.7 95.7 29.6 95.8 34.0 96.0

 Holder 58.3 93.6 27.4 93.4 47.1 93.5 50.8 93.8

 Buist 51.3 93.8 23.4 93.6 38.9 93.7 43.7 94.0

 McQuillan 43.4 95.4 16.5 95.3 34.0 95.3 37.0 95.5

 Hourihan 37.9 96.3 13.0 96.1 28.0 96.2 31.5 96.4

 Bristow 40.4 95.6 13.0 96.1 30.4 95.5 33.9 95.7

 Jones 41.4 97.3 14.7 95.4 24.8 97.2 32.3 97.4

 Subbe 27.0 98.4 14.6 97.2 13.5 98.3 19.6 98.5

 Jacques (late) 40.0 96.9 14.6 97.2 22.7 96.8 30.8 97.0

 Offner 53.9 94.5 5.2 98.3 44.5 94.4 47.1 94.7

(Continued)
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MET criteria were not. Churpek et al (7) compared the perfor-
mance of several EWSs other than NEWS (5, 8, 25–27) with two 
sets of MET criteria (15, 28) and showed that EWSs generally had 
higher predictive accuracy. That EWSs, such as NEWS, are bet-
ter discriminators of outcomes than MET criteria is perhaps not 
surprising. The activation of an RRT, when based on objective 
physiologic criteria, depends upon the presence of one or more 
extreme vital sign value (2, 15–17, 20, 21, 28). Cretikos et al (16) 
studied the impact of varying MET criteria and showed that all 
tested modifications provided positive predictive values of less 
than 16% (i.e., ~ 84% of resultant calls would be to patients who 
would not experience an adverse event). Consequently, work-
load and the proportion of false positive calls would be high, and 
a substantial number of at risk patients might remain unidenti-
fied (16). In contrast, EWSS provide an aggregate score based 

upon weightings for the, sometimes subtle, physiologic distur-
bance of several vital signs. This may better reflect changes that 
occur in many disease states. This is supported by the observa-
tion that aggregate NEWS values are more important for dis-
criminating adverse outcomes than high scores for a single vital 
signs variable (i.e., extreme values of a given vital sign) (29). 
Taking this body of evidence together with our own findings, 
it seems reasonable to conclude that EWSs, such as NEWS, pro-
vide better detection of adverse outcomes at a lower trigger rate  
(i.e., workload) than MET systems.

Advocates of MET criteria often argue that an advantage 
over EWSS is their inclusion of trigger criteria other than vital 
signs, for example, “staff concern,” threatened airway, seizures. 
Staff concern may account for a large proportion of RRT acti-
vations (14, 30, 31), but EWSS can also trigger in response 

 Cretikos (original) 37.8 96.3 14.6 96.8 27.8 96.2 31.4 96.4

 Cretikos set 1 57.0 93.3 22.9 94.3 49.4 93.2 50.9 93.5

 Cretikos set 2 55.7 93.7 12.7 96.2 47.2 93.6 49.3 93.9

 Cretikos set 3 54.3 94.7 26.7 93.1 45.8 94.7 47.8 94.9

 Cretikos set 4 52.9 95.2 25.0 93.5 43.5 95.1 46.1 95.4

 Cretikos set 5 52.0 95.5 23.9 94.5 41.9 95.4 44.9 95.6

 Cretikos set 6 51.2 95.7 22.3 95.0 40.1 95.6 43.7 95.8

 Cretikos set 7 50.1 95.9 21.0 95.2 38.8 95.8 42.6 96.0

 Cretikos set 8 46.6 96.3 19.8 95.5 35.5 96.2 39.2 96.5

 Cretikos set 9 44.1 97.0 19.0 95.7 31.5 96.9 36.3 97.1

 Cretikos set 10 39.1 97.5 16.9 96.2 27.2 97.4 31.7 97.6

 Jones 49.9 95.2 21.3 95.0 37.8 95.1 42.3 95.4

 Jones 45.5 95.6 18.1 95.4 31.7 95.5 37.4 95.7

 Parr 39.0 96.2 13.4 96.1 29.0 96.1 32.5 96.3

National Early Warning 
Scores

 3 90.5 73.6 68.0 73.3 82.8 73.5 85.2 73.8

 4 82.9 84.9 56.0 84.6 72.3 84.7 76.1 85.1

 5 75.2 91.2 43.1 90.9 61.9 91.0 66.8 91.4

 6 65.4 95.0 31.5 94.8 49.9 94.9 56.0 95.2

 7 54.2 97.2 22.2 97.0 37.4 97.1 44.5 97.4

TABLE 2. (Continued). The Sensitivity and Specificity of 44 Medical Emergency Team 
Calling Criteria, and National Early Warning Score Values of 3–7, for Cardiac Arrest, 
Unanticipated ICU Admission, Death, and Any of These Outcomes, Each Within 24 Hours 
of a Vital Signs Dataset

Outcome Within 24 Hr of a Vital Signs Dataset

Death Cardiac Arrest
Unanticipated ICU 

Admission

Any of Death; Cardiac  
Arrest; Unanticipated  

ICU Admission

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)

Sensitivity  
(%)

Specificity  
(%)
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to “staff concern” (current advice is that concern about a 
patient’s condition should always override the NEWS value) 
(9). Threatened airway and seizures are not included in NEWS 
but would generate an escalation (or call) exactly as they do 
when using MET criteria. Data show that threatened airway 
was the trigger for a MET call in only 2% of calls averaged over 
a 10-year period, with the figure for seizures being only 0.6% 
(31). Therefore, the impact of the omission of threatened air-
way and seizure from our analysis can reasonably be expected 

to be small, given their infrequent occurrence as MET triggers. 
Other than a fall in Glasgow Coma Scale (GCS) greater than or 
equal to 3 points, none of the MET criteria analyzed include 
changes in vital signs as MET calling criteria. In our analysis, 
we considered “reduced consciousness” to be equivalent to P 
or U on the AVPU scale. We consider this to be an appropriate 
approach, as the chance of a patient having a fall in GCS value 
of greater than or equal to 3, but continuing to score A or V on 
the AVPU scale is negligible.

Figure 2. Comparative sensitivity and specificity (plotted as 1 – specificity) of National Early Warning Score (NEWS) (i.e., NEWS receiver-operating 
characteristic [ROC] curve) and 44 sets of medical emergency team (MET) criteria to discriminate A, death occurring within 24 hr of a vital signs dataset; 
B, cardiac arrest occurring within 24 hr of a vital signs dataset; C, unanticipated ICU admission occurring within 24 hr of a vital signs dataset; and D, the 
combined outcome of cardiac arrest, unanticipated ICU admission or death, occurring within 24 hr of a vital signs dataset. Each point on the NEWS ROC 
curve represents a NEWS value from 0 to 20.
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This large study has several strengths. It considers all com-
pleted admissions over 31 months. All necessary vital sign vari-
ables were collected simultaneously in a standardized manner 
as part of clinical care using an electronic data collecting sys-
tem (18). However, there are also weaknesses. Patients admitted 
directly to critical care areas were excluded and patients with 
Do Not Attempt Cardiopulmonary Resuscitation (DNACPR) 

decisions were included. We have partially mitigated the lat-
ter by excluding patients with no vital signs observations 
within the last 24 hours of their stay. This should exclude most 
patients on a recognized end-of-life pathway, but will mean 
that patients with DNACPR decisions who are not on one 
are included. Patients in the latter continue to receive normal 
care, including the measurement of vital signs, and EWSs still 

Figure 3. Efficiency curve for National Early Warning Score (NEWS), with comparable data for 44 sets of medical emergency team (MET) criteria 
superimposed, for A, death occurring within 24 hr of a vital signs dataset; B, cardiac arrest occurring within 24 hr of a vital signs dataset; C, unanticipated 
ICU admission occurring within 24 hr of a vital signs dataset; and D, the combined outcome of cardiac arrest, unanticipated ICU admission, or death, 
occurring within 24 hr of a vital signs dataset. This plots workload (trigger rate) against the sensitivity of the Early Warning Score or set of MET criteria in 
question. Each point on the NEWS efficiency curve represents a NEWS value from 0 to 20, starting with NEWS equal to 0 at the top right. Trigger  
rate = ([true positive + false positive]/[true positive + false positive + true negative + false negative]).
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have utility in identifying their early deterioration. We have 
also assumed that the treatment of all study patients was both 
optimal and equitable. Additionally, we obtained the date/time 
of death (or discharge) from the hospital’s PAS and these data 
are likely to be systematically late. Therefore, the number of 
observations followed by death within 24 hours may have been 
underestimated.

A further weakness is that the study was conducted in 
a single site, where the precursor of NEWS—ViEWS (5)—
was developed. Prediction models are almost always more 
accurate in the population in which they were derived. 
However, the current study differs markedly from the 
NEWS development work, using a larger database, a differ-
ent study period, medical and surgical patients (compared 
to only acute medicine), and vital signs from the whole 
patient admission rather than merely from the patient’s stay 
in the Medical Assessment Unit. Nevertheless, as with all 
studies on models that are tested in the site of their devel-
opment, our results require external validation. Finally, our 
study is a statistical evaluation of NEWS and MET criteria. 
There is no guarantee that similar results would be gener-
ated operationally when human factors may have an influ-
ence (32–37).

CONCLUSIONS
When MET systems are compared to a NEWS value of greater 
than or equal to 7 (i.e., the recommended trigger points for 
RRT intervention for each system), some MET systems have 
a higher sensitivity than NEWS. However, all of these MET 
systems have a lower specificity and would generate greater 
workloads. NEWS also provides the opportunity to titrate 
the trigger value against available resources and permits a 
graduated, multitiered clinical response, whereas the clinical 
response resulting from a MET call can only ever be of an “all 
or none” nature.
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